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HIGH-MAGNIFICATION ZOOM LENS 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a high-magni?cation 
zoom lens system, and more speci?cally, to a high-magni 
?cation zoom lens system for use in a lens shutter camera. 

2. Description of the Prior Art 
Optical systems for use in lens shutter cameras are 

required to be compact and of high magni?cation. In recent 
years, high magni?cation is particularly required for such 
optical systems. 

In order to realize a compacter lens system, in Japanese 
Laid-open Patent Application No. H3-127012, an arrange 
ment is proposed having four lens elements grouped into 
two units with a zoom ratio of approximately 2 to 2.5x. In 
order to realize a higher magni?cation, three-unit zoom lens 
systems of positive, positive, negative con?guration have 
been used since they are advantageous in performance 
correction and the amount of lens movement is small. 

However, if a zoom ratio of 2.5 to 3X or higher is achieved 
in the two-unit, four-lens-element arrangement of Japanese 
Laid-open Patent Application No. H3-l27012, it is difficult 
to secure a required performance, and the amount of lens 
movement is large. Consequently, it is impossible to realize 
a compact, high-magni?cation optical system. 

In the above-mentioned three-unit zoom lens systems of 
positive, positive, negative con?guration, because of the 
arrangement thereof, plus distortion is apt to be generated at 
a shorter focal length condition. Restraining this is one of the 
problems in designing such lens systems. Moreover, in 
positive ?rst lens units of the three-unit lens systems of 
positive, positive, negative con?guration, it is typical that 
the most object side lens element is convex to the object 
side. For this reason, more number of lens elements are 
required in order to correct the plus distortion generated at 
a shorter focal length condition. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a compact, 
low-cost, high-magni?cation zoom lens system with a zoom 
ratio of 2.5x or higher. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of this invention will 
become clear from the following description, taken in con‘ 
junction with the preferred embodiments with reference to 
the accompanied drawings in which: 

FIG. 1 is a cross-sectional view showing the lens arrange 
ment of a ?rst embodiment of the present invention; 

FIG. 2 is a cross-sectional view showing the lens arrange 
ment of a second embodiment of the present invention; 

FIG. 3 is a cross-sectional view showing the lens arrange 
ment of a third embodiment of the present invention; 

FIG. 4 is a cross-sectional view showing the lens arrange 
ment of a fourth embodiment of the present invention; 

FIG. Sis a cross-sectional view showing the lens arrange 
ment of a ?fth embodiment of the present invention; 

FIG. 6 is a cross-sectional view showing the lens arrange 
ment of a sixth embodiment of the present invention; 
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2 
FIG. 7 is a cross-sectional view showing the lens arrange 

ment of a seventh embodiment of the present invention; 
FIG. 8 is a cross-sectional view showing the lens arrange 

ment of an eighth embodiment of the present invention; 
FIGS. 9A to 91 show aberration curves of the ?rst embodi 

ment of the present invention; 
FIGS. 10A to 101 show aberration curves of the second 

embodiment of the present invention; 
FIGS. 11A to 111 show aberration curves of the third 

embodiment of the present invention; 
FIGS. 12A to 121 show aberration curves of the fourth 

embodiment of the present invention; 
FIGS. 13A to 131 show aberration curves of the ?fth 

embodiment of the present invention; 
FIGS. 14A to 141 show aberration curves of the sixth 

embodiment of the present invention; 
FIGS. 15A to 151 show aberration curves of the seventh 

embodiment of the present invention; and 
FIGS. 16A to 161 show aberration curves of the eighth 

embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the present invention, in order to realize a compact, 
high-magni?cation zoom lens system, a three-unit arrange 
ment of positive, positive, negative con?guration is 
employed. Speci?cally, the following arrangement is 
employed since in order to realize a compact zoom lens 
system, it is required to minimize the number of lens 
elements in each lens unit, particularly, to minimize the 
number of lens elements of the positive ?rst lens unit which 
has a relatively large outside lens diameter. 
A ?rst implementation of a high-magni?cation zoom lens 

system according to the present invention comprises from 
the object side a positive ?rst lens unit, a positive second 
lens unit and a negative third lens unit. Zooming is per 
formed by varying the distance between each lens unit. The 
positive ?rst lens unit includes two lens elements. The 
positive second lens unit and the negative third lens unit 
include at least two lens elements, respectively. Moreover, 
the following condition (1) is ful?lled: 

where fl represents a focal length of the positive ?rst lens 
unit, and fW represents a focal length of the entire lens 
system at the shortest focal length condition. 
The condition (1) limits the power of the positive ?rst lens 

unit. If the power of the positive ?rst lens unit is strong, the 
power of the positive second lens unit must be weak 
relatively thereto. This is because if both the power of the 
positive ?rst lens unit and the power of the positive second 
lens unit are strong, a su?icient performance correction and 
a suf?cient back focal length are incompatible with each 
other. Speci?cally, if fl/fW exceeds the lower limit of the 
condition (1), the back focal length is short at the shortest 
focal length condition. Since it is necessary to increase the 
effective aperture of the positive ?rst lens unit in order to 
secure a sufficient oif-axial illumination at the shortest focal 
length condition, it is impossible to provide an optical 
system whose size along the diameter is small. 

If the power of the positive ?rst lens unit is weak, the 
movement amount of each lens unit should be large, and the 
aberration performance thereof is close to the aberration 

(1) 
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performance of two-unit lens systems of positive, negative 
con?guration. Speci?cally, if fl/fW exceeds the upper limit 
of the condition (1), merits presented by the three-unit 
arrangement cannot be obtained. As a result, it is impossible 
to realize a high magni?cation. 

Preferably, the lower limit of the above-described condi 
tion (1) is 3.0 as shown in the following condition (1'): 

Further, by providing the following arrangements to the 
optical system ful?lling the condition (1), a compact, high 
magni?cation zoom lens system can be realized: zooming 
from the shortest focal length condition to a longest focal 
length condition is performed by moving each lens unit so 
that the distance between the positive ?rst lens unit and the 
positive second lens unit increases and that the distance 
between the positive second lens unit and the negative third 
lens unit decreases, and the following condition (2) is 
ful?lled: 

2.0 < 71% < 12 (2) 

where f2 represents a focal length of the positive second lens 
unit. 
As described above, in optical systems of this type, in 

order to secure a sufficient illumination and a suf?cient 
performance, it is important that the power of the positive 
?rst lens unit and the power of the positive second lens unit 
are appropriately balanced. Speci?cally, if fl/f2 exceeds the 
lower limit of the condition (2), the power of the positive 
?rst lens unit is relatively strong, so that it is di?icult to 
secure a su?icient back focal length and a sufficient off-axial 
illumination at the shortest focal length condition. If f1/f2 
exceeds the upper limit of the condition (2), the power of the 
positive ?rst lens unit is relatively weak, so that the merit of 
the three-unit arrangement that the amount of lens move 
ment is small is not obtained and the aberration performance 
thereof is close to the aberration performance of the two-unit 
arrangement. As a result, the object of the present invention 
cannot be achieved. 

Further, by providing the following arrangement to the 
optical system ful?lling the condition (2), a compact, high 
perforrnance, high-magni?cation zoom lens system can he 
realized: from the object side, the positive ?rst lens unit 
includes a negative lens element and a positive lens element, 
the positive second lens unit includes a negative lens ele 
ment and a positive lens element and the negative third lens 
unit includes a positive lens element and a negative lens 
element, and at least one aspherical surface is provided in 
the positive second lens unit and the negative third lens unit. 

With this arrangement where each lens unit includes two 
lens elements, the size and the cost can effectively be 
reduced. When the negative third lens unit is of positive, 
positive, negative lens element con?guration, the problem of 
securing a su?icient back focal length at a shorter focal 
length condition is inevitably presented. In the present 
invention, this problem is solved by providing a retro-type 
arrangement (i.e. negative, positive lens element con?gura 
tion) to the positive ?rst and second lens units. 

In order to secure an excellent performance with a mini 
mum number of lens elements, at least one aspherical 
surface is provided in each of the positive second lens unit 
and the negative third lens unit. The aspherical surface of the 
positive second lens unit is used to correct spherical aber 
ration, while the aspherical surface of the negative third lens 
unit is used to correct off-axial coma and distortion. That is, 
in order to secure a more excellent performance, it is 
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4 
preferable to arrange an aspherical surface in each of the 
positive second lens unit and the negative third lens unit. 

Regarding the arrangement of the aspherical surfaces, by 
employing bi-aspherical lens elements as the negative lens 
element of the positive second lens unit and as the positive 
lens element of the negative third lens unit, a zoom lens 
system having a higher performance can be realized. While 
two or more lens elements are required to control principal 
aberrations such as spherical aberration, coma and distor 
tion, by employing a bi-aspherical lens, the control can De 
performed with only one lens element, and furthermore, 
delicate control is possible. This largely contributes to the 
reduction of the size. 

Moreover, if the movement loci of the positive ?rst lens 
unit and the negative third lens unit are the same, the 
movements of both lens units can be generated by the same 
cam. This leads to a simple arrangement, thereby reducing 
the cost. 
A second implementation of the high-magni?cation zoom 

lens system according to the present invention comprises 
from the object side a positive ?rst lens unit, a positive 
second lens unit and a negative third lens unit. Zooming is 
performed by varying the distance between each lens unit. 
The most object side lens element of the positive ?rst lens 
unit is a negative lens element whose object side surface has 
a stronger negative refractive power than an image side 
surface. With this arrangement, a compact, low-cost, high 
magni?cation zoom lens system can be realized. 
By employing a negative lens element strongly concave to 

the object side as the most object side negative lens element 
of the positive ?rst lens unit, the plus distortion generated at 
a shorter focal length condition can be corrected. As a result, 
a high-magni?cation zoom lens system having an excellent 
performance is realized. 

Further, by employing a negative meniscus lens element 
as the most object side negative lens element of the positive 
?rst lens unit in the second implementation of the high 
magni?cation zoom lens system according to the present 
invention, a high-magni?cation zoom lens system having, a 
more excellent performance can be realized. 

If a bi-concave lens element is employed as the most 
object side lens element of the positive ?rst lens unit, 
negative power increases in the positive ?rst lens unit, so 
that it is impossible to correct spherical aberration within the 
positive ?rst lens unit. This problem is solved by increasing 
the number of lenselements in the positive ?rst lens unit; 
however, this contradicts the reduction in size and cost. In 
this implementation, by employing a negative meniscus lens 
element as the most object side lens element of the positive 
?rst lens unit, simultaneous correction of distortion and 
spherical aberration is enabled. 

Further, by providing the following arrangements to the 
above-described arrangement where the most object side 
lens element of the positive ?rst lens unit is a negative 
meniscus lens element, a high-magni?cation zoom lens 
system having a more excellent performance can be real 
ized: the'most object side lens element of the positive ?rst 
lens element is concave to the object side, and the following 
condition (3) is ful?lled: ~ 

(3) lrll 

)1 
where rl represents a radius of curvature of the most object 
side surface of the positive ?rst lens unit. 

If lrll/fl exceeds the lower limit of the condition (3), the 
luminous ?uxes incident on the ?rst surface are caused to 
spring up largely, so that it is di?icult to secure a sui?cient 
performance. If lrll/fl exceeds the upper limit of the con 
dition (3), the eifect of correcting distortion is diminished. 

0.03 < < 0.50 
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The condition (3) limits the con?guration of the most 
object side surface of the positive ?rst lens unit. In order to 
secure a more excellent performance, the curvature, i.e. the 
meniscus degree of the ?lm side surface of a ?rst lens 
element (the most object side lens element of the positive 
?rst lens unit) is an important factor. 

For example, an arrangement ful?lling the following 
condition (4) is preferable in securing a higher optical 
performance: 

rl + r2 (4) 
<10 

where r2 represents a radius of curvature of the ?lm side 
surface of the most object side lens element of the positive 
?rst lens unit. 

If the lower limit of the condition (4) is exceeded, it is 
necessary to increase the number of lens elements in order 
to eliminate aberrations within the positive ?rst lens unit. 
When the upper limit of the condition (4) is exceeded, the 
effect of correcting distortion by the ?rst surface is 
decreased, so that it is difficult to realize an excellent 
performance. 

Preferably, the lower limit of the above-described condi 
tion (4) is 2.5 as shown in the following condition (4'): 

<10 

Moreover, the following conditions (5) and (6) are pref 
erably ful?lled: 

2.7 ><102 < M < 2.7 ><103 (5) 
W 

B1 
0.01 < — < 0.06 

f1 
where H‘ represents a focal length of the entire lens system 
at the longest focal length condition, and D1 represents the 
total length of the positive ?rst lens unit. 
The condition (5) limits the power of the positive ?rst lens 

unit. If the power of the positive ?rst lens unit is strong, the 
power of the positive second lens unit must be weak 
relatively thereto. This is because if both the power of the 
positive ?rst lens unit and the power of the positive second 
lens unit are strong, a suf?cient performance correction and 
a suf?cient back focal length are incompatible with each 
other. Speci?cally, if fl.fI‘/fW exceeds the lower limit of the 
condition (5), the back focal length at the shortest focal 
length condition is short. Since it is necessary to increase the 
effective aperture of the positive ?rst lens unit in order to 
secure a sui?cient off-axial illumination at the shortest focal 
length condition, it is impossible to realize a zoom lens 
system whose size along the diameter is small. 

If the power of the positive ?rst lens unit is weak, the 
movement amount of each lens unit should be large, and the 
aberration performance thereof is close to the aberration 
performance of the two-unit lens systems of positive, nega 
tive con?guration. Speci?cally, if fl.fT/fW exceeds the 
upper limit of the condition (5), merits presented by the 
three~unit arrangement cannot be obtained. As a result, it is 
impossible to realize a high magni?cation. 

Ifthe upper value of the condition (6) is exceeded, the size 
of the positive ?rst lens unit should be large, so that it is 
dif?cult to reduce the size. Moreover, since the focal length 
of the positive ?rst lens unit is short, aberration correction is 
di?icult. If the lower limit of the condition (6) is exceeded, 
the focal length of the positive ?rst lens unit is long, so that 
the lens movement amount for zooming is large. Moreover, 
it is impossible to secure su?‘icient holding portions at the 
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peripheries of the lens elements constituting the positive ?rst 
lens unit. 

Numerical data of ?rst to eighth embodiments of the 
present invention are shown in Tables 1 to 8, respectively. In 
each table, ri (i:l,2,3, . . . ) represents a radius of curvature 
of an ith lens surface counted from the object side, di 
(i=l,2,3, . . . ) represents an ith axial distance counted from 

the object side, Ni (i=l,2,3, . . . ) and vi (i:l,2,3, . . . ) 
represent a refractive index and an Abbe number, to the 
d-line, of an ith lens element counted from the object side, 
respectively. f represents a focal length of the entire lens 
system. FNO represents a minimum f-number. 

In each table, surfaces marked with asterisks are aspheri 
cal surfaces, which are de?ned by the following equation 
(7): 

X: 0 Y1 
1+(1-€~1/l-C1)1/2 

where X represents a displacement amount from a reference 
surface along the optical axis, Y represents a height in a 
direction perpendicular to the optical axis, C represents a 
paraxial curvature, e represents a conic constant, and Ai 
represents an lth-order aspherical coe?icient. 

FIGS. 1 to 8 are cross-sectional views showing the lens 
arrangements of the ?rst to eighth embodiments, respec 
tively, at the shortest focal length condition (W). Arrows ml, 
m2 and m3 schematically show the movement loci of the 
?rst, second and third lens units Grl, Gr2 and Gr3, respec 
tively, from the shortest focal length condition (W) to the 
longest focal length condition (T). The numerical values 
next to m1, m2 and m3 are movement amounts of the lens 
units Grl, Gr2 and Gr3. 
The ?rst embodiment comprises from the object side a 

positive ?rst lens unit Grl including a negative meniscus 
lens element concave to the object side and a positive 
bi-convex lens element, a positive second lens unit Gr2 
including a negative meniscus lens element concave to the 
image side, a positive meniscus lens element convex to the 
image side and an aperture stop A, and a negative third lens 
unit Gr3 including a positive meniscus lens element convex 
to the image side and a negative meniscus lens element 
concave to the object side. 

In the ?rst embodiment, the following surfaces are 
aspherical: the object side surface of the negative meniscus 
lens element and the object side surface of the positive lens 
element of the positive ?rst lens unit Grl; both side surfaces 
of the negative meniscus lens element of the positive second 
lens unit Gr2; and both side surfaces of the positive menis 
cus lens element of the negative third lens unit Gr3. 
The second embodiment comprises from the object side a 

positive ?rst lens unit Grl including a negative meniscus 
lens element concave to the object side and a positive 
bi-convex lens element, a positive second lens unit Gr2 
including a negative meniscus lens element concave to the 
image side, a positive bi~convex lens element and an aper 
ture stop A, and a negative third lens unit Gr3 including a 
positive meniscus lens element convex to the image side and 
a negative meniscus lens element concave to the object side. 

In the second embodiment, the following surfaces are 
aspherical: both side surfaces of the negative meniscus lens 
element of the positive second lens unit Gr2; and both side 
surfaces of the positive meniscus lens element of the nega 
tive third lens unit Gr3. 
The third embodiment comprises from the object side a 

positive ?rst lens unit Grl including a negative meniscus 
lens element concave to the object side and a positive 
bi-convex lens element, a positive second lens unit Gr2 
including a negative meniscus lens element concave to the 
















